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1 Diffusion profile of Au/Ge2Sb2Te5
The modelled diffusion profiles of Au/Ge2Sb2Te5 in the as-deposited state
and after annealing at 100 ◦C, 150 ◦C, and 200 ◦C are shown in Figure S1
(a)–(d). The thickness and roughness of the Au/Ge2Sb2Te5 diffusion layer in
the as-deposited state and after annealing at 100 ◦C, 150 ◦C, and 200 ◦C are
shown in Figure S1 (e). The model structure consists of a silicon substrate, a
Si SiO2 Au Ge2Sb2Te5Diffusion layerAuTe2
(a) (b)
(c) (d)
(e)
Fig. S1 The modeled diffusion profile of Au/Ge2Sb2Te5 (a) in the as-deposited state, (b)
annealed at 100 ◦C, (c) annealed at 150 ◦C, (d) annealed at 200 ◦C. (e) The thickness of
the diffusion layer at different temperatures.
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Supporting information S3
thermal silicon dioxide layer, a Au layer, a AuTe2 layer, a diffusion layer, and
a Ge2Sb2Te5 layer. The silicon dioxide layer is due to the thermal oxidation of
the silicon substrate. The diffusion layer is modelled as a gradient layer with
the density changing from the density of AuTe2 to the density of Ge2Sb2Te5.
2 XRD pattern of TiN/Ge2Sb2Te5
The XRD patterns from TiN/Ge2Sb2Te5 and Ge2Sb2Te5 after annealing at
200 ◦C are shown in Figure S2. The XRD peaks of TiN/Ge2Sb2Te5 are in
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Fig. S2 XRD results of TiN/Ge2Sb2Te5 and Ge2Sb2Te5 after annealing at 200 ◦C.
accordance with face centered cubic Ge2Sb2Te5 in the crystalline state. There
are also Ti and TiN0.58 peaks, which are due to the non-stoichiometric phase
of titanium nitride (TiNx), which is normally used for plasmonic applications.
In our case, the TiNx layer is Ti rich but it is still stable and does not diffuse
into Ge2Sb2Te5 even at a temperature of 200
◦C.
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2 Li Lu et al.
Abstract This work investigates the diffusion of metal atoms into phase
change chalcogenides, which is problematic because it can destroy resonances
in photonic devices. Interfaces between Ge2Sb2Te5 and metal layers were stud-
ied using X-ray reflectivity (XRR) and reflectometry of metal–Ge2Sb2Te5 lay-
ered stacks. The diffusion of metal atoms influences the crystallisation temper-
ature and optical properties of phase change materials. When Au, Ag, Al, W
structures are directly deposited on Ge2Sb2Te5, inter-diffusion occurs. Indeed,
Au reacts with Ge2Sb2Te5 to form a AuTe2 layer at the interface. Diffusion
barrier layers, such as Si3N4 or stable plasmonic materials, such as TiN, can
prevent the interfacial damage. This work shows that the interfacial diffusion
must be considered when designing phase change material tuned photonic de-
vices, and that TiN is the most suitable plasmonic material to interface directly
with Ge2Sb2Te5.
Keywords photonics · phase change chalcogenide · phase change materials ·
diffusion · metal · X-ray reflectivity, programmable photonics, interfaces
1 Introduction
Manipulating light on the nanoscale using tuneable metamaterials has a range
of important applications from detecting minute concentrations of bio-markers
to high resolution printing[1,2]. Once these metamaterials have been fabri-
cated their optical response is usually fixed, and this lack of adaptability limits
the potential of the devices. Integrating chalcogenide phase change materials
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(PCM) into photonic devices offer a potential route to reprogrammable pho-
tonic devices[3,4]
Phase change chalcogenides have amorphous and crystalline phases that
are stable at room temperature. There is a a large optical and electrical con-
trast between these structural phases. Switching between the states is very
fast; indeed femtosecond, picosecond, and nanosecond electrical or laser pulses
have been used to switch phase change materials[5,6,7]. The large optical
property contrast has been commercialised in rewritable optical data storage
discs [8] whilst the large electrical property contrast is now being applied to
non-volatile memory [9]. The next chapter of phase change materials (PCM)
research will involve developing materials and devices that exploit both the
optical and electrical property changes together. Indeed, tuneable polarisation-
independent perfect absorbers at visible [10] and mid-infrared frequencies [11,
12], reflective-displays [13], on-chip photonic memory[14,15], and reconfig-
urable optical circuits [16,17] have already been demonstrated. However, most
research groups do not consider interfacial reactions and diffusion between the
phase change materials and metal layers[18]. We find that this is, actually, a
big problem and must be considered when designing phase change material
tuned plasmonic structures. Diffusion can influence the crystallisation kinet-
ics, and optical constants of the phase change materials[19,20,21,22]. For this
reason phase change optical data storage digital versatile discs (DVD) usually
protect Sb-Te based chalcogenide layers with a thin layer of ZnS-SiO2[23,24].
Despite the diffusion problem, many recent phase change material photonics
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publications neglect the diffusion barrier. This leads to uncertainty in the route
cause of the optical strcture’s switching response.
From a plasmonic design perspective, placing the chalcogenide directly in
contact with the metal is ideal. This is because plasmonic effects decay ex-
ponentially with distance, and therefore the change to the optical response
depends on the distance between the metal layer and the PCM. In partic-
ular, tuneable hyperbolic metamaterials, which have hyperbolic dispersion,
can be made by combining metals and chalcogenides as multilayer stacked
structures[25]. The layer thickness is typically ∼10 nm and the large num-
ber of interfaces means that inter-diffusion over nanometer distances can be
a real problem. Thus, it is important to identify plasmonic materials that
can directly interface with Ge2Sb2Te5, and other important phase change
chalcogenides[26], without inter-diffusion between the metal and the PCM
layers occuring.
2 Materials and methods
2.1 Fabrication of the metal/Ge2Sb2Te5 layered stacks
The different metal layers, Ag, Al, Au, W, and TiN, were deposited on the sili-
con substrate by Radio Frequency (RF) sputtering. The chamber base pressure
was 5.7 × 10−5 Pa. The deposition pressure was 0.5 Pa. Ag, Al, Au, and W
were deposited in an Ar atmosphere. The deposition rate was 0.87 A˚/s (50 W,
230 s) for Ag, 0.8 A˚/s (100 W, 247 s) for Al, 1.8 A˚/s (50 W, 110 s) for Au, and
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1.3 A˚/s (80 W, 154 s) for W. The TiN layer was made by reactively sputtering
Ti in an Ar : N2 atmosphere of 5 : 5. The deposition rate was 0.17 A˚/s (100
W, 1200 s). The thickness of the metal layer was 20 ± 2 nm. Then a 20 nm
thick Ge2Sb2Te5 layer was deposited on the metal layer with a deposition rate
of 0.86 A˚/s (30 W, 233 s). We also investigated the effect of Si3N4 diffusion
barriers between the Ge2Sb2Te5 and metal layers. The Si3N4 layers were RF
sputtered from a Si target in a Ar : N2 = 8:2 atmosphere at a pressure of
0.5 Pa. The deposition rate was 0.068 A˚/s (45 W, 736 s). In all cases, the
sputtering target diameter was 50 mm.
2.2 Interface characterisation
X-ray reflectivity (XRR) was chosen to characterise the interfaces of the mul-
tilayer samples. Since the XRR X-ray beam is spread over a cm2-scale area,
it provides a more representative description of the interface roughness and
layer inter-diffussion than locallised nanoscale characterisation techniques. The
interference of the X-rays reflected from the interfaces results in oscillations
as a function of the X-ray beam incident angle. A model based on Parratt’s
equations can be fitted to these oscillations[27]. Typically the XRR intensity
changes by four or five orders of magnitude over the scanned angular range.
XRR is highly sensitive to diffusion and roughness. In particular, roughness
decreases the reflected intensity because it causes diffuse scattering [28].
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2.3 FDTD simulations
The reflectance spectrum for the structure Au/Ge2Sb2Te5/Au structure with-
out and with a TiN diffusion barrier was modelled using the finite-difference
time-domain (FDTD) method to solve Maxwell’s equations [29]. In the model
periodic boundary conditions were used on the lateral dimensions with a size of
1000 nm by 1000 nm, perfectly matched layer boundary conditions were used
in the vertical direction. A plane wave source illuminated the layered struc-
ture at normal incidence. The optical constants of gold described by Palik were
used [30], whilst our ellipsometry measurements for the optical constants of
our Ge2Sb2Te5 films were used for the PCM layer[31]. Our Ge2Sb2Te5 optical
constants are available to download[32].
3 Results and discussion
We studied inter-diffusion at the interface between Ge2Sb2Te5 and five differ-
ent metals: Ag, Al, Au, W, and TiN. Ag, Al, and Au are commonly used metals
in visible plasmonics due to their real part of the permittivity being less than
zero at visible and near-infrared frequencies. In addition we also studied W and
TiN, which are often used in phase change random-access memory (PCRAM)
devices as electrodes and contact directly with Ge2Sb2Te5 [9]. Therefore, we
expect diffusion of W and TiN to be less problematic than the noble metals.
TiN is particularly attractive because its real composonent of the refractive
index is less than zero for visible wavelengths of light. Indeed, its dielectric
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function is similar to that of Au [33] and our as-deposited TiN films conse-
quently looked golden. Other metals such as Mo have also been used to contact
directly with phase change material in RF-devices [34]. In this paper, however,
we focus on visible plasmonic metals, such as Au, Ag, TiN, and Al because
our principle aim is to alert those designing visible and near-infrared active
plasmonics devices that the interfaces between many plasmonic metals and
phase change materials, such as Ge2Sb2Te5, are unstable.
3.1 Inter-diffusion at metal–Ge2Sb2Te5 interfaces
We chose the XRR method to study the buried thin film interfaces because it
gives a global measurement of the interface and it is not limited to a nanoscale
area, which is normal for electron microscopy. The measured and modelled
XRR patterns of the different metal/Ge2Sb2Te5 layer stacks are shown in
Figure 1. In the as-deposited state, the Ge2Sb2Te5 film is amorphous and
there are no fringes in the measured metal-Ge2Sb2Te5 samples for Ag and Al.
For comparison the corresponding theoretical model, which assume perfectly
sharp interfaces, are also included in the plots. We see that if the interfaces were
ideal, as predicted by the model, then clear oscillations should be observed.
We conclude the Al and Ag –gst interfaces are most likely very diffuse as the
oscillations diminish quickly. The W/Ge2Sb2Te5 XRR measurements do show
oscillations but they are suppressed relative to the model predictions, which
might also indicate interfacial damage between the W and Ge2Sb2Te5 layers.
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(a) (b)
(c) (d)
(e) (f)
Fig. 1 XRR measurement and modelled curves for (a) Ag/Ge2Sb2Te5, (b) Al/Ge2Sb2Te5,
(c) W/Ge2Sb2Te5, and (d) Au/Ge2Sb2Te5 in the as-deposited state; (e) TiN/Ge2Sb2Te5,
and (f) Au/Ge2Sb2Te5 in the as-deposited state and after annealing at 100 ◦C, 150 ◦C and
200 ◦C.
For Au and TiN, there are XRR fringes in the measured as-deposited state
and they can be fitted with a Parratt model. Moreover, we measured the XRR
patterns of Au/Ge2Sb2Te5 and TiN/Ge2Sb2Te5 after annealing the structures
at 100 ◦C, 150 ◦C, and 200 ◦C in an argon atmosphere to prevent oxida-
tion. The measured and modelled patterns are shown in Figure 1 (e) and
Figure 1 (f). We found that there are still fringes in the XRR patterns even
after heating to 200 ◦C, which implies that the interfaces are not damaged
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for Au/Ge2Sb2Te5 and TiN/Ge2Sb2Te5 at temperatures below 200
◦C. How-
ever, after annealing the samples at 200 ◦C, which is above the crystallisation
temperature and below the temperature that Te evaporates from the film, we
find that the XRR fitting improves when a 3.5 nm thick AuTe2 layer is placed
between the Au and Ge2Sb2Te5 layers. For further details we encourage the
interested reader to see the supporting information.
In order to prevent inter-diffusion, a 5 nm thick Si3N4 diffusion barrier layer
was deposited between the Ag/Al and Ge2Sb2Te5 layers. The XRR patterns
of metal-Si3N4 -Ge2Sb2Te5 samples were measured in the as-deposited state
and after heating to 100 ◦C, 150 ◦C, and 200 ◦C in an argon atmosphere. The
measured and modelled XRR patterns are shown in Figure 2. After adding the
Si3N4 barrier, we see fringes in the measured XRR pattern. This indicates that
Si3N4 prevented interfacial diffusion between the metal and Ge2Sb2Te5 layers.
The fringes were observed even after heating up to 200 ◦C, and this suggests
that the metal-Si3N4 -Ge2Sb2Te5 interfaces are stable. We see that there is a
difference in the XRR oscillation frequency after heating the structure above
150 ◦C. This is due to the Ge2Sb2Te5 amorphous-FCC phase transition, which
occurs at approximately 150 ◦C, and causes the Ge2Sb2Te5 layer to become
thinner (denser)[35].
3.2 Inter-diffusion and reactions between Au and Ge2Sb2Te5
A number of recent publications report photonic structures wherre Au is di-
rectly interfaced with Ge2Sb2Te5 to form a tuneable plasmonic device. There-
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(a) (b)
(c) (d)
Fig. 2 Measured and modelled XRR patterns for (a) Ag/Si3N4/Ge2Sb2Te5, (b)
Al/Si3N4/Ge2Sb2Te5, (c) W/Si3N4/Ge2Sb2Te5 and (d) Au/Si3N4/Ge2Sb2Te5 in the as-
deposited state and after heating to 100 ◦C, 150 ◦C and 200 ◦C.
fore we further investigated the inter-diffusion of Au/Ge2Sb2Te5 using optical
reflection spectroscopy, modelling the optical reflection spectrum, measuring
XRR of the interface, and measuring X-Ray Diffraction (XRD) from the crys-
tal structure.
To show the effect of Au diffusion on phase change photonics devices, we
fabricated a Au/Ge2Sb2Te5/Au structure without and with a TiN diffusion
barrier. We crystallised the Ge2Sb2Te5 by annealing the device in an ar-
gon atmosphere at 180 ◦C for 30 minutes. The schematic of the structures
are shown in Figure 3 (a) and Figure 3 (b). The measured and simulated re-
flectance spectra without the diffusion barrier are shown in Figure 3 (c). In the
amorphous state, we measured a strong reflective resonance at a wavelength
of 744 nm, while the simulated result shows the resonance at a wavelength
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of 808 nm. The difference in intensity is likely due to discrepancies in the
physical constants of Si3N4 . Heating the Au/Ge2Sb2Te5 structure causes the
Au atoms to diffuse into Ge2Sb2Te5 layer. Indeed, there is a large discrep-
ancy between the measured and simulated reflectance spectra after annealing
the structure into the crystalline state. In the crystalline state, the simulated
spectrum shows a resonance at a wavelength of 1209 nm, however, there is
no resonance in the measured spectrum. In contrast, when a 5 nm thick TiN
diffusion barrier is used to separate the Au and Ge2Sb2Te5 layers, there is
good agreement between the measured and simulated spectra for both the
amorphous and crystalline states of Ge2Sb2Te5. This is shown in Figure 3 (d).
When Ge2Sb2Te5 is in the amorphous state, the measured and simulated reso-
nances of the Au/TiN/Ge2Sb2Te5/TiN/Au structure are at the wavelength of
864 nm and 831 nm respectively. After annealing the Ge2Sb2Te5it crystallises.
Crystallisation causes the resonances to red-shift to a wavelength of 1272 nm
and 1392 nm for both the measured and simulated structures respectively. The
small differences between the simulated and measured spectra are mostly likely
due to differences in the TiN dielectric function. The small glitches at 800 nm
and 1600 nm in the measured spectra shown in Figure 3 (c) and Figure 3 (d)
occur at wavelengths where the spectrometer’s detector and monochromator
gratings are switched.
To unequivocally show that the change in the reflectance spectrum is due
to inter-diffusion between the Au and Ge2Sb2Te5, we used a genetic algo-
rithm to fit the XRR pattern with a model that includes a AuTe2 layer[36]
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Fig. 3 (a) Schematic of Au/Ge2Sb2Te5/Au structure without diffusion barrier,
showing there is diffusion of Au atoms into Ge2Sb2Te5. (b) Schematic of
Au/TiN/Ge2Sb2Te5/TiN/Au structure, with TiN as a diffusion barrier, depicting that TiN
prevents the diffusion of Au into Ge2Sb2Te5. The experimental and simulated reflectance
spectra (c) without diffusion barrier, and (d) with TiN as a diffusion barrier.
at the interface. The model structure consists of a silicon substrate, a ther-
mal silicon dioxide layer, a Au layer, a AuTe2 layer, a diffusion layer, and a
Ge2Sb2Te5 layer. The diffusion layer is modelled as a gradient layer with the
density changing from the density of AuTe2 to the density of Ge2Sb2Te5. The
thickness and density of the fitted model layers after annealing at 200 ◦C is
shown in Figure 4 (a). Similar plots for other annealing temperatures can be
found in the supporting information.
The only way we could achieve a good fit between the measured and mod-
elled XRR patterns was to include an interfacial Au-Ge2Sb2Te5 layer. The
inter-diffusion of Au in to Ge2Sb2Te5 increases the mass density of the interfa-
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cial layer at the interface. The thickness of the Au/Ge2Sb2Te5 diffusion layer,
AuTe2 layer, and Ge2Sb2Te5 layer in the as-deposited state and after annealing
at 100 ◦C, 150 ◦C, and 200 ◦C are presented in the supporting information.
Figure 4(b) shows the thickness of the AuTe2 and Ge2Sb2Te5 layers as a func-
tion of the annealing temperature. Even after annealing the amorphous film at
100 ◦C, it is clear that there is inter-diffusion between Au and Ge2Sb2Te5. Af-
ter increasing the annealing temperature of the sample from 100◦C to 200◦C,
the thickness of the AuTe2 layer increases from 0.38 ± 0.05 nm to 3.48 ± 0.05
nm, while the thickness of the Ge2Sb2Te5 decreases from 15.24 ± 0.05 nm
to 11.24 ± 0.05 nm. This indicates that Au atoms are thermally activated to
diffuse further into the Ge2Sb2Te5 layer and form the AuTe2 alloy. A logistic
function has been fitted to Figure 4 (b) to guide the reader’s eye.
Si SiO2 Au Ge2Sb2Te5Diffusion layerAuTe2
(a) (b)
Fig. 4 (a) The modelled diffusion profile of Au/Ge2Sb2Te5 annealed at 200 ◦C. (b) the
thickness of AuTe2 layer and Ge2Sb2Te5 layer as a function of the annealing temperature.
The lack of resonances in the optical reflectivity spectra strongly suggests
that the Au–Ge2Sb2Te5 interface is damaged after heating. In contrast, the
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XRR pattern shows interference fringes, which suggests sharp and non-diffuse
interfaces. These two results may suggest that the Au and Ge2Sb2Te5 layers
reacted to form a new interfacial layer with a different composition and density
to that of Ge2Sb2Te5 and Au. Therefore, we measured the X-ray diffraction
(XRD) pattern from the Au/Ge2Sb2Te5 structure after annealing at 200
◦Cto
identify crystallographic changes to the Ge2Sb2Te5 structure, see Figure 5.
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Fig. 5 XRD patterns from Au/Ge2Sb2Te5 and pure Ge2Sb2Te5 after annealing at 200
◦C.
It is clear from figure 5 that the Au layer produces additional peaks in the
Ge2Sb2Te5 spectra. By comparing the XRD patterns of Au [37], AuTe2 [38],
and face centred cubic Ge2Sb2Te5 in the crystalline state [39], we see that
the diffraction pattern has contributions from Au, AuTe2, and Ge2Sb2Te5.
This shows that Ge2Sb2Te5 and Au reacted to form AuTe2. Since chemical
reactions are activated processes, the likelihood of AuTe2 forming depends on
the Au concentration. Others have shown that for films thicker than 100 nm,
Au does not diffuse into GeTe. In contrast, our XRD and XRR measurements
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suggest that when the Au–Ge2Sb2Te5 (20 nm and 20 nm) structure is heated
to just 200 ◦C, a 3.5 nm thick AuTe2 layer forms at the interface. This interface
corresponds to 17.5% of the 20 nm film thickness, which may explain why we
are able to detect this problem. We suspect that if the 100 nm thick GeTe-Au
structures had been heated for a longer period time at higher temperatures,
then this Au alloying problem would have been observed. Considering that
most optical structures use very thin layers of Ge2Sb2Te5 [40], it is important
to consider interfacial diffusion and reactions.
Due to the formation of AuTe2, the Ge-Sb-Te composition moves to a Ge
rich section of the compositional space, where the crystallisation temperature
is greater than that of Ge2Sb2Te5[41]. In addition, the TiN and Si3N4 diffu-
sion barriers between the metal and Ge2Sb2Te5 can also induce stress on the
Ge2Sb2Te5 film, which can influence its crystallisation temperature[42]. Since
the crystallisation temperature depends on the interfacial reactions, the PCM
composition, and the mechanical properties of the materials used in the lay-
ered structure, the affect of different metallic caps and diffusion barriers on
the crystallisation kinetics needs to be studied carefully.
We also measured the XRD pattern of TiN/Ge2Sb2Te5 after annealing at
200 ◦C and this can be found in the supporting information, see Figure S2. The
XRD pattern of TiN/Ge2Sb2Te5 is similar to that of Ge2Sb2Te5 in the crys-
talline state, which means TiN is stable and does not diffuse into Ge2Sb2Te5 at
a temperature of 200 ◦C. Indeed, the thermal stability of Ge2Sb2Te5 in con-
tact with Ti and TiN has been previously investigated [43]. TiN layers do
16 Li Lu et al.
not react with the Ge2Sb2Te5 film, even after annealing at 450
◦C. However,
TiTe2 is formed when Ti interfaces with Ge2Sb2Te5 after annealing at 300
◦C.
Note, Ti is sometimes used to increase the adhesion of TiN in phase change
memory devices [44]. The interested reader is referred to a series of studies
that discuss the use of Ti-based materials diffusion barriers in phase change
memory devices[45,46,47].
We have optically and structurally that Au–Ge2Sb2Te5 interfaces are un-
stable and that adding an thin interfacial TiN layer between the Au and
Ge2Sb2Te5, prevents interfacial reaction problems. Even in the published liter-
ature there are discrepancies between the simulated and measured properties
of tuneable photonic devices using metals and phase change materials [48,49,
50]. We believe that inter-diffusion of metals into phase change materials may
be the reason for these discrepancies. We also expect that inter-diffusion may
effect the performance of other chalcogenide photonics systems, such as quan-
tum dots placed on metallic electrodes [51]. However, we have also shown a
simple solution. We found that measurements of optical and x-ray reflectivity
resonances remain even after thermally switching the Ge2Sb2Te5 layer when
a TiN diffusion barrier is added between the Ge2Sb2Te5 and the Au. We also
showed that the TiN layer also prevents interfacial chemical reactions between
Au and Ge2Sb2Te5 layers. Indeed, TiN is commonly interfaced directly with
Ge2Sb2Te5 in phase change random access memory devices, and they can be
cycled millions of times [9]. Since TiN is also a plasmonic material, and is elec-
trically conductive, we believe it is well suited to electrically reprogrammable
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phase change plasmonic devices. With these points in mind, we strongly rec-
ommend that those designing new tuneable plasmonic devices, which are based
on Telluride phase change materials, to account for diffusion barrier layers in
their designs. Or better still, replace the plasmonic metal layer with TiN.
4 Conclusion
In conclusion, there is substantial interfacial damage when Au, Ag, and Au
plasmonic metals are directly interfaced with phase change chalcogenide lay-
ers. Diffusion occurs at room temperature and is accelerated when the phase
change material is heated during the switching process. However, diffusion
barriers, such as Si3N4 and TiN can prevent the inter-diffusion. Atomic diffu-
sion and interfacial chemical reactions change the composition of the Ge-Sb-Te
layer, which influences its crystallisation temperature and concomitant optical
response. We found that the Si3N4 diffusion barrier prevents inter-diffusion to
at least 200 ◦C and we expect the barrier to be stable at higher temperatures.
Our results show that Au inter-diffuses with Ge2Sb2Te5 and therefore
should be avoided in tuneable plasmonic device designs. However, TiN, which
is also a plasmonic material with a similar dielectric function to Au does not
diffuse into Ge2Sb2Te5 . Our experiments show that TiN can directly con-
tact Ge2Sb2Te5 without diffusion even after heating to temperatures greater
than 200 ◦C. Considering that TiN is also a proven heating electrode in
phase change memory devices, we expect the interfaces to be stable up to the
Ge2Sb2Te5 melting temperature of 650
◦C. These two factors strongly suggest
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that TiN should be used in practical electrically tuned phase change plasmonic
devices. In short, we strongly recommend that those designing phase change
photonics devices consider the diffusion between phase change materials and
metal layers, and where possible replace Au with TiN.
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